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Abstract
Objectives: To describe the Indian Health Service (IHS) oral health surveillance
system and the oral health status of American Indian and Alaska Native (AI/AN)
children aged 1-5 years.
Methods: A stratified probability sample of IHS/tribal sites was selected. Children
were screened by trained examiners at community-based locations including
medical clinics, Head Start, preschools, kindergarten, and Women, Infants, and
Children (WIC). Data collection was limited to the primary dentition and included
number of teeth present plus number of teeth with cavitated lesions, restorations,
and extracted because of decay.Number of molarswith sealants andurgency of need
for dental care data were also obtained. Statistical analyses were performedwith SAS
(SAS Institute Inc., Cary, NC, USA). Sample weights were used to produce popula-
tion estimates based on selection probabilities.
Results: A total of 8,461 AI/AN children 12-71 months of age were screened at 63
IHS/tribal sites, approximately 7 percent of the estimated IHSuser population of the
same age. Overall, 54 percent of the children had decay experience, 39 percent had
untreated decay, 7 percent had primary molar sealants, 36 percent needed early or
urgent dental care, and 6 percent needed urgent dental care. The mean of decayed,
missing, or filled teeth was 3.5 (95 percent confidence interval, 3.1-3.9). The preva-
lence of decay experience increased with age; 21 percent of 1-year-olds and
75 percent of 5-year-olds had a history of caries.When stratified by IHS area, there
were substantial differences in the oral health of preschool children.
Conclusions:The results confirm that in theUnited States,AI/ANchildren served by
IHS/tribal programs are one of the racial/ethnic groups at highest risk of caries.
Introduction
In 1957, the Indian Health Service (IHS) implemented an
annual monitoring system to obtain information on the
prevalence and severity of dental caries among American
Indian and Alaska Native (AI/AN) dental patients. The
annual monitoring system, terminated in 1978, was replaced
by a series of surveys of dental patients thatwere conducted in
1983-1984, 1991, and 1999 (1-3).
The 1983-1984 survey raised awareness of amajor problem
among AI/AN children – baby bottle tooth decay now
referred to as early childhood caries (ECC). Of the 0- to
4-year-old dental patients in the survey, 82 percent had a
history of dental caries and 40 percent had seven or more
teeth that were decayed or filled (1).As a result of this finding,
IHS began extensive efforts to assist communities in control-
ling ECC through prevention programs that included indi-
vidual counseling, community-wide education, and ongoing
support for community water fluoridation (4). By 1991, the
severity of dental caries in the primary dentition of AI/AN
children appeared to be on the decline. The mean number of
decayed, missing or filled (dmf) teeth among 0- to 9-year-
olds decreased from 5.9 in 1983-1984 to 4.5 in 1991 (2).
Unfortunately, the trend toward lower caries rates in the
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primary dentition did not continue. The mean number of
dmf surfaces for 3- to 5-year-olds increased from 11.1 in 1991
to 14.6 in 1999 (P < 0.001) (3).
Although the IHS dental patient surveys have provided
valuable information, using dental patient data to monitor
the oral health status of preschool children may artificially
inflate caries rates because parents may be more likely to
bring symptomatic children with dental problems to the
dental clinic than nonsymptomatic children. In addition,
only a small proportion of AI/AN children 0-5 years of age
visit an IHS or tribal dental clinic. According to IHS’s patient
monitoring system, the percentage of the IHS user popula-
tionwith a dental visit at an IHS or tribal dental clinic in fiscal
year 2008 was only 17 percent for children 0-2 years of age
and 36 percent for those 3-5 years of age.
In order to obtain better estimates of caries rates in AI/AN
preschool populations, IHS developed an oral health surveil-
lance system designed to obtain oral health status infor-
mation periodically, every 3-5 years, from children in
community-based settings rather thanonly fromdental clinic
patients.Asurveyof childreninthesesettingsbetterrepresents
all children in the population. Data from this surveillance
system will be used to monitor the oral health of AI/AN chil-
dren1-5yearsof ageover timeandasbaselinedata for themul-
tifaceted evaluation of the newly launched Early Childhood
Caries Collaborative (http://www.doh.ihs.gov/ecc). The sur-
veillancesystemwas implemented in2010.Thepurposeof this
paper is to provide an overview of the surveillance system and
presentbaseline estimates fromthis systemdescribing theoral
health status of AI/ANchildren 1-5 years of age.
Methods
Background
The IHS, an agency within the Department of Health and
Human Services, is responsible for providing federal health
services to AI/AN people. The operation of the IHS health
services delivery system is managed through local adminis-
trative units called service units. A service unit is the primary
level of health organization for a geographic area served by
IHS, much like a county or city health department within a
state health department. A few service units cover a number
of small reservations or tribal communities, while some large
reservations are divided into a number of service units. The
service units are grouped into larger cultural-demographic-
geographic management jurisdictions administered by area
offices. The IHS is comprised 12 area offices: Aberdeen,
Alaska, Albuquerque, Bemidji, Billings, California, Nashville,
Navajo, Oklahoma City, Phoenix, Portland, and Tucson
(Figure 1).
The IHS has carried out its responsibilities through devel-
opment and operation of a health services delivery system
that integrates health services delivered through IHS facili-
ties, purchased by IHS through contractual arrangements
with private providers and delivered through tribally oper-
ated programs and urban Indian health programs. In fiscal
year 2009, the 12 IHS areas consisted of 166 service units, of
which 104 (63 percent) were tribally operated. These 166
service units provide care to an IHS user population of over
1.5million.The IHSuser population is defined as the number
of Indian registrants residing within a service delivery area
with at least one face-to-face direct or contract inpatient stay,
ambulatory care visit, or dental visit during the prior three
fiscal years.The service delivery area for the user population is
called a contract health service delivery area, and only users
who live inside one can be counted as a user. The Indians
residing in the service delivery areas comprise about
56 percent of all AI/AN people residing in the United States.
Tucson (25,562) andNashville (51,491) have the smallest user
populations, while Navajo (242,331) and Oklahoma City
(318,923) have the largest user populations.
Sample selection and screening sites
The sampling frame consisted of all service units with an esti-
mated 0- to 5-year-old user population of 20 or more chil-
dren (156 service units). The tribal service units in the
Bemidji Area were combined to form three revised service
units (Michigan, Minnesota, and Wisconsin), resulting in a
sampling frame of 149 service units. A stratified probability
proportional to size (PPS) cluster sampling design was used
to select service units. The sampling frame was stratified by
Area, and service units were sorted within eachArea based on
operational status (tribal or IHS) and/or state. A systematic
PPS sampling was used to select service units. Systematic PPS
sampling from the sorted lists provides implicit stratification
on operational status and state, which ensures representation
within Areas by these factors. Fifty-six service units were
selected. If a service unit refused to participate, replacements
were selected with a PPS random selection from within the
same sampling interval as the refusing service unit. Of the 56
service units selected, 43 participated, 10 refused and were
replaced by another service unit, and three refused but were
not replaced. In addition, 10 service units that were not in the
original sample volunteered to participate.
Because many children less than 1 year do not have teeth,
we opted to screen children 1-5 years of age.Although screen-
ing a random sample of children within each service unit
would be ideal, it was not logistically possible. For this reason,
we opted to screen children at selected community-based
sites including medical or well-child clinics,Women, Infants,
and Children (WIC), Early Head Start,Head Start, tribal pre-
schools, kindergarten, and community events. All of the
community-based sites were located within the service unit’s
designated service delivery area. If a service unit conducted
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screenings atmultiple sites, attemptsweremade to assure that
children were only screened once. Children presenting at the
dental clinics were not screened for this survey.
Surveillance system indicators
The following information was collected for each child: date
of birth, gender, race, number of primary teeth present,
number of primary teeth with untreated decay (cavitated
carious lesions), number of primary teeth with restorations,
number of primary teeth extracted because of decay, number
of maxillary anterior teeth with caries experience, number of
primary molars with sealants, and urgency of need for dental
care. A three-level categorization was used for urgency of
need for dental care: no obvious problem, early dental care
needed, or urgent care needed because of pain or infection.
The number of teeth with decay experience was divided by
the number of erupted primary teeth to create the percentage
of teeth with decay experience.We used the clinical indicator
definitions and followed the data collection protocols out-
lined in the Association of State and Territorial Dental Direc-
tors’ publication Basic Screening Surveys: an Approach to
Monitoring Community Oral Health (5). We did not collect
surface-specific information, therefore, we were unable to
calculate the prevalence of ECC and severe ECC as defined by
the American Academy of Pediatric Dentistry (6).
Race was recorded as AI/AN or other.Any child with a rec-
ognized tribal affiliation was considered to be AI/AN. No
attemptwasmade todetermine if a childwasmultiracial.Only
children classified asAI/ANwere included in the analyses.
Examiner training
All examiners were required to attend one of the two exam-
iner training webinars or watch the recorded webinar. The
following information was included in the webinar: purpose
of the survey, sampling and sample size, appropriate screen-
ing sites, survey protocol, and detailed information on
clinical diagnostic criteria. Having dental examiners watch a
training video has been shown to be an effective way to
Figure 1 The 12 Indian Health Service Areas.
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standardize examiners for a Basic Screening Survey (7). No
formal calibration was undertaken and examiner reliability
was not assessed. A total of 178 trained dentists, dental
hygienists, and dental therapists collected data.
Data management and analysis
Each Area was asked to screen a minimum of 80 children in
each age year cohort from 1 to 5 years for a total of 400 chil-
dren per Area. Within each Area, selected service units were
asked to screen a number of children proportional to their
IHS user population (i.e., larger service units were asked to
screenmore children than smaller service units). For a variety
of reasons, not all Areas screened the minimum number of
children in each year cohort (Table 1).
Service unit staff collected nonidentifiable data using
paper forms, which were mailed to a central location for data
entry. All statistical analyses were performed with SAS soft-
ware (Version 9.2; SAS Institute Inc.,Cary,NC,USA). Sample
weights were used to produce population estimates based
on selection probabilities and these indicated the number
of children in the sampling interval each screened child
represented.
The IHS oral health surveillance system is a public health
activity, not human subject research. Therefore, full institu-
tional review board (IRB) review was not necessary and
written consent was not required.
Results
A total of 8,461AI/AN children between 12 and 71months of
age were screened at 63 different IHS/tribal sites between
August 2010 and January 2011. This total represents approxi-
mately 7 percent of the estimated IHS user population of the
same age. The mean age of the children was 41.3 months
and 52 percent were female. The majority of the children
were screened at Head Start (36 percent), a medical or well-
child clinic (25 percent), or a non-Head Start preschool
(17 percent). The distribution of children screened by age
and IHS area appears in Table 1.
The prevalence of decay experience increased with age;
21 percent of 1-year-olds and 75 percent of 5-year-olds had a
history of dental caries. The prevalence of untreated decay
increased from 1 to 3 years of age then stabilized at about
45 percent for those children 3-5 years. Overall, 54 percent of
the children had decay experience, 39 percent had untreated
decay, 7 percent had primary molar sealants, 36 percent
needed early or urgent dental care, and 6 percent needed
urgent dental care because of pain or infection (Table 2). Of
the children with decay experience (n = 5,206), 29 percent
had all of their decay treated, 20 percent had both treated and
untreated decay, and 51 percent had untreated decay only.
As with the prevalence of decay experience, mean dmft
and mean percentage of erupted primary teeth with decay
experience increased substantially with age. For 1-year-old
children, mean dmft and percentage of teeth with decay
experience were 0.94 and 6.4 percent, respectively, compared
with 5.70 and 29.3 percent for 5-year-old children (Table 3).
For all ages, a portion of children had over 50 percent of
their teeth decayed, ranging from 2.3 percent in 1-year-olds
to 22.3 percent in 5-year-olds (Table 4). This indicates a sub-
population at highest risk within this overall high-risk
population.
Because only five 1-year-old children were screened in the
Tucson Area, comparisons between Areas are limited to chil-
dren 2-5 years of age.When stratified by IHS area, there were
substantial differences in the oral health of preschool children
2-5 years of age with the mean dmft score ranging from 1.84
Table 1 Number of Service Units in Sampling Frame, Percentage of Service Units That Participated, Number of Children Screened by Age, and Estimated
Percentage of 1- to 5-Year Old User Population Screened Stratified by IHS Area
IHS area
Service units
in sampling frame
Percentage of
service units
participating 1 year 2 years 3 years 4 years 5 years Total
Percentage of
user population
Aberdeen 19 26.3 84 103 199 254 77 717 7.1%
Alaska 9 44.4 42 81 193 198 69 583 5.1%
Albuquerque 9 44.4 75 102 231 316 145 869 12.1%
Bemidji 6 100.0 97 114 197 235 181 824 9.6%
Billings 8 100.0 144 179 539 633 187 1,682 26.2%
California 23 39.1 55 78 187 168 47 535 8.2%
Nashville 25 20.0 96 125 146 122 90 579 13.5%
Navajo 8 50.0 61 67 108 129 107 472 2.3%
Oklahoma City 12 33.3 83 111 190 175 115 674 2.5%
Phoenix 12 41.7 73 77 148 210 63 571 4.3%
Portland 16 43.8 75 62 148 222 87 594 7.0%
Tucson 2 100.0 5 13 112 165 66 361 16.9%
Total 149 42.3 890 1,112 2,398 2,827 1,234 8,461 6.7%
IHS, Indian Health Service.
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to 6.52.TheOklahomaCityArea had the lowest level of decay,
while more isolated Areas with lower socioeconomic levels
had higher rates of decay (Table 5).
Discussion
This is the first oral health survey of a national, community-
based sample of AI/AN preschool children. Because the sam-
plingframeconsistedof IHSandtribalserviceunits,theresults
are not representative of all AI/AN children in the United
States.As the childrenwere screened in community-based set-
tings rather than as patients seeking care at a dental clinic, the
results are not directly comparable to any of the previous IHS
oralhealthsurveys.Theresultsof this surveyarerepresentative
ofAI/ANpeoplewhoreceive services fromIHSand tribal pro-
grams,about 56 percent of allAI/ANpeople.
The results confirm that in the United States, AI/AN chil-
dren served by IHS/tribal programs are one of the racial/
ethnic groups at highest risk of ECC.More than 62 percent of
AI/ANchildren 2-5 years have experienceddental caries com-
pared with 42 percent of Mexican-American, 32 percent of
African-American, and 25 percent of non-Hispanic white
children (8). However, the true burden of disease from caries
is better measured by the severity of decay or the number of
decayed/filled teeth (dft) which is three times higher in
AI/AN preschool children (dft = 3.7) compared with the
general US population (dft = 1.2) (9). Several other studies
using convenience or state level samples have also demon-
strated that AI/AN preschool children have much higher
levels of caries than do their counterparts from other racial/
ethnic backgrounds (10-12).
Disparities in health among AI/AN children are not just
limited to dental caries. TheAI/AN postneonatal death rate is
about twice that of the United States all race rate (4.2 deaths
per 1,000 live births versus 2.2) and AI/AN children’s deaths
between the ages of 1 and 4 years occur at nearly three times
the rate of children in the general population (81.2 versus
31.5 per 100,000 population) (13). An additional physical
health disparity is childhood obesity and overweight. In
2001-2004, AI/AN children age 2-4 years were more than
twice as likely to be at risk for overweight compared with
United States all races (38.6 percent versus 15.7 percent) (14).
Despite ample documentation of high caries rates among
AI/AN preschool children, there has been little research on
Table 4 Percentage of AI/AN Children by Percentage of Teeth That Are Decayed, Missing, or Filled by Age, 2010
Percentage of teeth decayed,
missing, or filled 1 year (n = 875) 2 years (n = 1,097) 3 years (n = 2,356) 4 years (n = 2,762) 5 years (n = 1,233)
Caries free (0%) 79.0 56.3 39.1 30.7 24.9
0.1-15.0% of teeth 5.6 14.8 18.4 19.0 17.1
15.1-30.0% of teeth 6.6 12.9 15.3 18.2 14.4
30.1-50.0% of teeth 6.4 12.5 15.4 18.9 21.3
50.1-100% of teeth 2.3 3.5 11.8 13.3 22.3
AI/AN, American Indian and Alaska Native.
Table 5 Decay Experience, Untreated Decay, dmft, and Percentage of Teeth with Decay Experience among 2- to 5-Year-Old AI/AN Children by Area, 2010
IHS area
Caries experience Untreated decay dmft
% of teeth with
decay experience
Percentage 95% CI Percentage 95% CI Mean 95% CI Percentage 95% CI
Aberdeen 61.1 49.4 72.7 40.7 26.7 54.7 3.96 2.65 5.26 20.1 13.3 26.9
Alaska 68.2 49.3 87.0 46.7 39.8 53.6 4.81 1.98 7.64 24.9 10.4 39.4
Albuquerque 77.7 68.8 86.6 57.1 51.4 62.7 5.71 4.53 6.90 29.2 23.0 35.4
Bemidji 53.1 35.9 70.2 38.0 28.5 47.4 3.60 2.12 5.07 18.2 10.7 25.6
Billings 68.7 60.2 77.2 42.5 37.6 47.4 5.64 4.47 6.81 28.7 22.8 34.6
California 54.7 45.1 64.2 36.9 24.2 49.6 2.75 1.87 3.62 13.8 9.4 18.2
Nashville 50.5 38.2 62.7 34.5 23.2 45.8 2.79 1.77 3.81 14.2 8.9 19.4
Navajo 85.9 79.8 92.0 65.8 50.9 80.7 6.52 6.17 6.87 33.2 31.3 35.0
Oklahoma City 38.9 28.1 49.7 30.4 12.8 48.1 1.84 1.19 2.49 9.4 6.1 12.6
Phoenix 67.0 57.9 76.0 42.2 33.1 51.4 4.48 3.59 5.37 22.6 18.0 27.3
Portland 63.5 50.0 76.9 40.4 29.1 51.7 3.91 2.51 5.32 19.8 12.6 27.0
Tucson 67.7 65.0 70.4 58.7 56.5 61.0 3.23 2.75 3.71 16.5 13.9 19.0
IHS total 62.3 57.1 67.4 43.6 38.4 48.8 4.13 3.64 4.62 21.0 18.5 23.5
Note: Because the Tucson Area screened only five 1-year-old children, Area comparisons are limited to children 2-5 years of age.
AI/AN, American Indian and Alaska Native; CI, confidence interval; dmft, decayed, missing, or filled teeth; IHS, Indian Health Service.
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the underlying causes. Leake et al. (15) evaluated risk factors
for severe ECC inmore than 300 Canadian First Nations chil-
dren 2-6 years of age and identified four protective factors:
a) higher family income; b) community water fluoridation;
c) drinkingmilk after the child began towalk; andd) drinking
fruit juices after the child began to walk. The significant risks
for severe ECC were consuming drinks made from flavor
crystals before and after the child began to walk. A study that
evaluated risk factors for caries in 77 AI children ages 12-36
months found that the following factors were associated with
caries: current bottle use, giving bottle as baby falls asleep, and
three or more snacks between meals (16). Given the paucity
of information on why AI/AN children have such high caries
rates, additional research is needed to identify the full spec-
trum of host, bacterial, behavioral, sociodemographic, and
environmental risk factors for ECCamongAI/AN infants and
toddlers. The ultimate purpose of such research should be to
develop strategies for preventing caries in this high-risk
population by setting the stage for targeted interventions
addressing identified causal factors.
We found significant differences in oral health status
between IHS areas. Only 40 percent of 2- to 5-year-old chil-
dren in the Oklahoma City Area had caries experience, sub-
stantially lower than other IHS areas where up to 86 percent
of children had experienced caries. While these differences
may be partially due to different rates of participation or sam-
pling bias, the differences may also be due to a higher socio-
economic status among AI/AN people living in the
Oklahoma City Area compared with other IHS areas. The
OklahomaCityArea population has the highest percentage of
AI/AN adults with a bachelor degree or higher, the lowest
male and female unemployment rate, and a lower percentage
of the population living below the federal poverty level (17).
IHSAreas that are relatively isolated,with lower levels of edu-
cational attainment and greater poverty, tend to have greater
prevalence and severity of disease. These Area differences
have been noted in previous oral health surveys and have
remained relatively constant over time.
While preventing ECC is important, wemust also consider
access to restorative services for those who develop the
disease. Of the children with decay experience, only
29 percent had all of their decay treated while 51 percent had
not received any restorative service. There are probably two
main reasons why such a large percentage of AI/AN children
have untreated decay. First, parents may not realize that their
child has decay or understand the benefits of early dental care.
Second, the relative geographic isolation of tribal populations
and the difficulty in recruiting and retaining dentists to prac-
tice in remote IHS or tribal health facilities may limit AI/AN
children’s access to dental care.Approximately 15-20 percent
of the dentist positions at IHS and tribal health facilities were
vacant in 2010. Despite the higher oral disease rates in the
AI/AN population, in IHS there is one dentist for every 2,800
AI/AN registrants compared with one dentist for every 1,250
individuals in the general population (18). The average
expenditure for oral health care in the IHS is about $61 per
person comparedwith about $275 per personnationally (19).
Clearly, in order to treat the underlying burden of dental
disease, theremust be a significant increase in resources avail-
able to IHS and tribal dental programs.
Conducting community-based oral health surveillance in a
relatively small, geographically dispersed, and isolated popu-
lation has inherent limitations. To contain costs,we used over
175 IHS/tribal dental clinic staff as examiners. All examiners
attended or viewed a trainingwebinar, butwe did not attempt
to evaluate inter- or intra-examiner reliability. While we
selected a probability sample of service units, we were not
able to select a random sample of children within the service
unit. Children screened were from a convenience sample of
children attending medical clinics,WIC, and preschools. For
this reason, our sampling error is not quantifiable although
we have no reason to believe that children at these venues
differ from the community as a whole. It should be noted that
service units were not compensated for the time it required to
participate in the survey. In some cases, vacancies in dental
clinic staffing, clinical workloads, or lack of service unit
resources prevented some service units from participating. In
addition, some service units were not able to screen the
minimumnumber of children for a variety of reasons includ-
ing workload and limited resources. This was especially true
for 1- to 2-year-olds as well as 5-year-olds. This variation in
sampled numbers of children by service unit is addressed
through analysis weighting but could still impact survey
results.This survey is not comparable to previous IHS surveys
because previous efforts all assessed patients who were
present in the various IHS dental clinics seeking treatment.
The IHS recognizes that ECC is a significant health
problem for AI/AN children and understands that early pre-
vention and intervention, beginning prenatally and extend-
ing throughout the first years of life and beyond, is the best
way to improve the oral health of AI/AN children. In 2010,
IHS implemented an ECC Collaborative – a multifaceted
program designed in part to enhance knowledge about ECC
prevention and early intervention among dental providers,
healthcare providers, and the community. Increasing access
to oral health care and evidence-based prevention for AI/AN
children requires a group effort that must include the oral
health care team, medical providers, Community Health
Representatives, Head Start staff,WIC program staff, and the
parents of those young children at risk for the disease. The
ECC Collaborative provides the entire healthcare team with
the tools necessary to implement a caries prevention program
and also provides a framework for early intervention using
caries stabilization techniques. The results of this oral health
surveywill be used as baseline data for themultifaceted evalu-
ation of the ECC Collaborative.
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A key message from the Surgeon General’s report on oral
health is that oral health is essential to the general health and
well-being of all Americans and, given our knowledge of pre-
vention and restorative care, can be achieved by all (20).
However, not all Americans have attained a high degree of
oral health.Many, including many within the AI/AN popula-
tion, still endure needless pain and suffering from oral
disease. To effectively address the oral health disparities out-
lined in this manuscript, partnerships between public,
private, and tribal sectors are essential.
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